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Nutritional and Agronomic Comparisons
of Cowpeas, Millet, and Sorghum
Charles R. Montgomery, Marvin Allen, and Lee Mason
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Introduction and Objectives
Many dairymen in southeast Louisiana are utilizing summer-growing
annual grasses to provide grazing or greenchop for lactating animals. In
view of the high cost of commercial fertilizers during recent years, and for
other reasons, some area farmers have been planting and grazing cowpeas
to minimize fertilizer expenditures as compared with growing summer
annual grasses. Cowpeas require less nitrogen fertilization than summer
annual grasses, millet, sorghum, and sorghum-sudan, which are com-
monly used to provide grazing and greenchop for dairy herds. Millet
produces high yields, but it is generally difficult to manage as a grazing
crop due to its rapid growth and short vegetative cycle. Most sorghum
plantings are not grazed but are greenchopped or harvested and stored as
silage, which requires more equipment and investment. Because of farmer
interest, there is a definite need for information on forage production and
quality potential of cowpea varieties and how they compare with millet and
sorghum. An experiment was conducted at the Southeast Louisiana Dairy
and Pasture Experiment Station with cowpeas, millet, and sorghum to
pursue the following objectives: (1) to determine the forage production
potential of existing varieties of cowpeas, (2) to evaluate the quality of
forage produced by cowpeas, and (3) to evaluate forage and nutrient
production of cowpeas as compared with millet and sorghum.
Review of Literature
Cowpeas are widely adapted in the South and are grown on a limited
scale for soil improvement and hay and forage production (5)
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.
In the
Upper South seed yields are good, but in the Lower South plants tend to
produce vegetative growth rather than seed. Cowpeas generally can be
grown without cultivation due to their quick germination and rapid seedling
growth.
An extensive search of the literature revealed no recent publications on
the use of cowpeas for forage production.
Assistant Professor, Professor, and Professor and Superintendent, respectively, South-
east Louisiana Dairy and Pasture Experiment Station, P. O. Drawer 567, Franklinton
70438.
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Italic numbers in parentheses refer to Literature Cited, page 12.
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Cowpeas were planted on a field-scale basis for summer grazing in the
summer of 1975 at the Southeast Louisiana Dairy and Pasture Experiment
Station. The plantings were made for observational purposes and were not
designed to furnish experimental data.
A 25-acre field was planted to Iron Clay cowpeas without applied
fertilizer on July 8, 1975. The peas were 12 to 14 inches high on July 24,
and grazing was initiated with 6-month-old dairy heifers on that date. The
field provided a total of 40 days of grazing and averaged 3.75 animals
(6-month-old dairy heifers) per acre.
In another observation at the Southeast Station, Iron Clay cowpeas were
planted on July 7
,
1 975 and received 90-72-72 pounds per acre of N, P2O5
,
and K2O, respectively, before planting. Grazing was initiated on August 6,
when the peas were approximately 24 inches high, with a stocking rate of
2.4 mature, 1,200-pound Holstein cows per acre. The cows grazed 4 to 5
hours per day for 6 days. To more efficiently utilize the forage, the stocking
rate was increased to 5.6 animals per acre in the next 15 days. Forage from
this planting supplied grazing for 99 cow-days per acre, based on a 4- to
5-hour grazing period per day.
Further observations made during the grazing periods revealed that when
animals were given a choice they would graze crabgrass or millet before
consuming the peas. It also was noted that excessive trampling occurred
with a stocking rate of five cows per acre.
Millet varieties have been evaluated for forage production at the South-
east Louisiana Dairy and Pasture Experiment Station (3). Millet generally
can be harvested 30 days after planting and at 3-week intervals thereafter,
for a total of four harvests. Total dry matter yields of the millet varieties
ranged from 7,742 pounds per acre to 8,886 pounds per acre.
Louisiana researchers have shown that millet varieties generally are
superior to the sorghum-sudan hybrids on well-drained, light soils, while
the sorghum-sudan hybrids are superior to millet on heavier soils (6).
Millet is recommended for grazing and hay production but should not be
planted before April 15. Fertilization requirements for millet in southeast
Louisiana include 60 to 90 pounds of nitrogen and 60 to 70 pounds each of
P2O5 and K2O per acre before planting. An additional 50 pounds per acre of
nitrogen as a top dressing may be utilized.
Forage sorghum dry yields at the Southeast Louisiana Dairy and Pasture
Experiment Station have ranged from 4,200 to 10,800 pounds per acre (I).
Fertilization requirements for forage sorghum in southeast Louisiana are
comparable to those of millet. Forage sorghum is superior to millet for
greenchopping, especially as the plants mature. The longevity of sorghum
palatibility makes the crop more manageable than millet in a dairy pro-
gram .
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Experimental Procedure
This study was conducted in two phases, (1) a small-plot agronomic and
laboratory screening process to evaluate available varieties of cowpeas,
and (2) comparison of a superior variety of cowpeas with millet
and
sorghum on a field-scale basis.
The first phase included 12 varieties of cowpeas grown during the
summers of 1976 and 1977. The forages were grown in small plots, 6 x 25
feet, and replicated four times using a randomized design. Each plot
consisted of two rows on 36-inch centers. Seeding rate was adjusted among
cowpea varieties, because of differences in seed size, to have 10 to 12
plants per linear foot of row. The plantings were made on a Providence silt
loam soil. Fertilization of the cowpeas included 48 pounds per acre each of
N, P2O5, and K2O. The cowpea forage was harvested while in the vegeta-
tive stage (pre-bloom) to a stubble height of approximately 6 inches.
Harvesting was accomplished with a flail-type forage harvester. The entire
plot was harvested to measure yield, and a representative sample was
taken, dried for dry matter determination, and then ground for laboratory
analyses. Regrowth from all plots was harvested as often and as long as
productivity persisted.
Cell wall constituents (CWC), acid detergent fiber (ADF), hemicel-
lulose, cellulose, acid-insoluble lignin (AIL), and in vitro digestible dry
matter (IVDDM) were determined by the Van Soest procedure (4,8). The
IVDDM procedure was modified by the addition of glucose and urea to the
buffer solution (7). Crude protein (CP) content was determined by the
Kjeldahl method, as outlined in A.O.A.C. (2).
The second phase of this study involved the comparison of the most
promising cowpea variety (Big Boy), a millet (Millex 23), and a sorghum
(NK 300), each planted and managed on a field-scale basis in 1978, 1979,
1980. Each variety was planted in 8-inch drills on adjacent V4-acre blocks
on a prepared seedbed. Treflan (4 pounds per gallon) was applied at the rate
of 0.5 pound active material per acre on the site planted to cowpeas. Aatrex
4L was applied at the rate of 2 quarts per acre on the area planted to
sorghum. Seeding rates and fertilization rates (N-P2O5-K2O), respec-
tively, on a per acre basis were: 2 bushels and 20-60-120 for cowpeas, 30
pounds and 80-40-80 for millet , and 40 pounds and 80-40-80 for sorghum
.
The millet and sorghum forages were harvested in the vegetative stage,
when plants reached heights of 24 to 30 inches, and 36 to 48 inches,
respectively; and 8-inch stubble remained after harvest. The cowpea vari-
ety was harvested to a 6-inch stubble height at the prebloom stage. Yield
data were obtained by harvesting five random strips, 6x10 feet, from each
of the plots. The plots were harvested as greenchop with a flail-type
harvester and dried in a forced-draft drier at 130° F.
5
Each dried forage was chopped to approximately V^inch lengths with a
hammer mill and fed to sheep to determine digestible dry matter (DDM).
The digestion trial involved four sheep on each forage, which served as
replicates, with a 9-day preliminary period, followed by a 5-day total-
fecal-collection period. The sheep were maintained in conventional diges-
tion crates that permitted individual feeding twice daily, weigh-backs once
daily, and total fecal collection.
The chopped forages and fecal materials were sampled during each
digestion trial, dried, and ground in a Wiley Mill to 1
-millimeter fineness
for laboratory analyses. Laboratory analyses were the same as described
previously in phase one. Analyses of the forages and fecal materials were
used to calculate component digestibilities.
Results and Discussion
1
.
Cowpea Variety Comparisons
Dry forage yield per acre. The cowpea varieties were initially harvested at
6 and 8 weeks after planting, which was the bloom stage, in 1976 and 1977,
respectively. Two harvests were made each year, with approximately 75
percent of the season-total yield contributed by the first harvest in 1976 and
approximately 45 percent obtained at first harvest in 1977. Forage yields
ranged from 1,261 to 3,513 pounds per acre in 1976 and from 2,349 to
2,895 pounds per acre in 1977 (Table 1). Significant (P <.05) differences
were observed in 2-year mean dry-forage yields, with a range from 1 ,891 to
3,101 pounds per acre. The 2-year mean dry forage yield of one variety,
Big Boy, was numerically higher than all others and significantly (P <.05)
Table 1.—Yield performance and dry matter content of 12 cowpea varieties on
Providence silt loam, 1976-77
DM yield, lbs/a Dry matter, %
Variety
2-yr 2-yr
1976 1977 mean 1976 1977 mean
Big Boy 3,446 2,755 3,101a 1 15.2 12.7 14.02
Blue Goose 3,513 2,488 3,001ab 15.9 13.4 14.7
Brown Crowder 2,924 2,874 2,899ab 16.2 12.0 14.1
Miss. Purple 2,894 2,895 2,895ab 17.0 12.8 14.9
Iron Clay 2,802 2,645 2,724b 15.0 12.3 13.7
Miss. Silver 2,791 2,642 2,717b 16.6 12.7 14.7
Dixie Lee 2,864 2,555 2,710b 15.6 13.2 14.4
Black Crowder 2,715 2,684 2,700b 15.4 12.6 14.0
Calhoun Purple Hull 2,695 2,529 2,612b 15.7 11.7 13.7
Bunch Purple Hull 1,734 2,747 2,241c 16.9 13.5 15.2
Magnolia Blackeye 1,833 2,349 2,091c 16.2 13.5 14.9
La. Green 1,261 2,520 1,891c 15.7 12.5 14.1
'Means followed by the same letter are not significantly different at the .05 probability level.
2 Nonsignificant at the .05 probability level.
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higher than the yields of eight other varieties. Three varieties, Bunch
Purple Hull, Magnolia Blackeye, and Louisiana Green, were significantly
(P <.05) lower than all other varieties in 2-year forage yield.
Forage dry matter percentages. Forage dry matter percentages ranged
from 11.7 to 17.0 during the 2-year period (Table 1). No significant
differences were observed in 2-year mean dry-matter percentages among
varieties, with only a 1.5 percentage unit range.
Structural carbohydrates. Cell wall constituents (CWC) includes the
total fibrous fraction of the forage. Included are acid detergent fiber (ADF)
and hemicellulose. The ADF is further subdivided into cellulose and acid
insoluble lignin (AIL). The fibrous portion of the plant is the material acted
on by microflora in the rumen. No variety was consistently high or low for
all structural carbohydrates. Ranges in percentages of structural carbohy-
drates among varieties were as follows: CWC 32.5 to 35.2, ADF 27.2 to
28.8, hemicellulose 4.5 to 6.5, cellulose 18.1 to 20.5, and AIL 4.90 to
5.74. These differences were numerically small and of no practical signifi-
cance. However, structural carbohydrate percentages in those ranges indi-
cate that all varieties were high in quality.
Crude protein. Crude protein (CP) percentages of the cowpeas, a legume
crop, were all high and exhibited very small varietal differences (Table 2).
There were, however, significant (P <.05) differences in CP percentages
among the 2-year means. There was no significant difference in the highest
five CP means, with a range from 24.4 to 25.5 percent. Seven of the 12
varieties exhibited CP values ranging from 23.1 to 24.2 percent and were
Table 2.—Chemical composition and in vitro digestible dry matter of 12 cowpea
varieties, 2-year mean, 1976-77
r
Variety CWC 1 ADF' HC Cell. 1 AIL' CP' IVDDM'
— Percent
Magnolia Blackeye 34.1 27.6 6.4 20.2 4.90 24.2bc 2 71.
1
3
Miss. Purple 33.1 28.8 4.5 20.3 5.52 23.3bc 70.8
Brown Crowder 33.6 27.8 5.8 19.7 4.96 23.5bc 70.7
Big Boy 32.5 28.0 4.6 19.8 5.02 23.6bc 70.6
Iron Clay 34.0 28.3 5.5 20.3 5.31 23.7bc 70.5
Dixie Lee 34.0 28.5 5.5 20.2 5.18 23.1c 70.3
Calhoun Purple Hull 35.2 28.7 6.5 20.5 5.74 24.6ab 70.3
Bunch Purple Hull 32.8 27.2 5.7 18.1 5.28 24.4abc 70.3
La. Green 34.1 28.0 6.1 19.7 5.32 25.5a 70.3
Black Crowder 33.2 28.1 5.1 19.7 5.55 24.6ab 70.2
Miss. Silver 32.7 28.0 4.7 19.5 5.59 24.5abc 69.8
Blue Goose 33.4 28.2 5.3 20.3 4.97 23.5bc 69.2
'Cell wall constituents, acid detergent fiber, hemicellulose, cellulose, acid-insoluble lignin, crude protein,
and in vitro digestible dry matter, respectively.
2Values followed by the same letter are not significantly different at the .05 probability level.
3 Nonsignificant at the .05 probability level.
not significantly different. Mean CP values ranged from 23.1 to 25.5
percent. There was no consistent change in CP percentages between the
first and second harvests.
In vitro digestible dry matter. In vitro digestible dry matter (IVDDM) is
generally regarded as a relative measure of the nutritional value of a forage.
All tested varieties exhibited high mean values for IVDDM, ranging from
69.2 percent for Blue Goose to 71 . 1 percent for Magnolia Blackeye (Table
2). These observed differences were not statistically significant. IVDDM
value of the forage harvested at the second harvest was consistently 1 to 2
percentage units higher than that of the respective first harvest. This
increase may be attributed to the younger forage that was harvested as
regrowth.
II. Millet, Sorghum, and Cowpea Comparisons
Dry forage yield per acre. The millet (Millex 23), sorghum (Northrup
King 300), and cowpeas (Big Boy) were planted in late May or early June
in each of 3 years ( 1 978-80) . The first harvest of Millex 23 andNK 300 was
made an average of 37 days after planting, while Big Boy averaged 44 days
from planting to first harvest. Millex 23 and NK 300 were harvested an
average of three and two times per year, respectively, while Big Boy
averaged 1.6 harvests per year. Season-total and 3-year mean, dry-forage
yields, in pounds per acre, and dry matter percentages of the forages are
shown in Table 3 . The average dry forage yields per acre were significantly
(P < .05) lower forNK 300 (4,480 pounds) than Millex 23 (6,033 pounds),
Table 3.—Yield and forage component comparisons of millet, sorghum, and cowpea
forages on Providence silt loam, 1978-80
Cultivar
1978 1 979 1 980 Mean
Dry matter yield, lbs/a
Millex 23 7,210 5,258 5,404 6,033a 1
NK 300 5,453 4,242 3,489 4,480b
Big Boy 2,021 3,476 3,382 2,959c
Percent dry matter
Millex 23 17.3 12.3 13.3 14.3a
NK 300 12.5 15.5 12.8 13.6b
Big Boy 10.8 11.5 9.8 10.7c
Digestible dry matter, lbs/a2
Millex 23 4,835 3,248 3,722 3,929a
NK 300 3,659 2,732 2,400 2,893b
Big Boy 1,429 1,997 2,389 1,886c
Crude protein, lbs/a
Millex 23 1,365 821 978 1,069a
NK 300 844 588 652 729ab
Big Boy 455 751 760 655b
^eans followed by the same letter are not signifi cantly different at the .05 probability level
2Based on DDM values.
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but significantly (P <.05) higher than Big Boy (2,959 pounds).
The 3-year mean DM percentage (10.7) for the Big Boy was signifi-
cantly (P <.05) lower than that of Millex 23 and NK 300. Millex 23
exhibited the highest forage DM content (14.3 percent), which was sig-
nificantly (P <.05) higher than that of NK 300 or Big Boy.
Nutrient production per acre. DDM production per acre followed the
same trend established by dry forage yield per acre since there was no
significant difference in forage digestibility among the three crops (Table
3). Millex 23 produced the highest 3-year mean DDM per acre (3,929
pounds), which was significantly (P <. 05) higher than NK 300, with 2,893
pounds per acre, and Big Boy, with 1,863 pounds per acre. The DDM
production per acre ofNK 300 was significantly (P < .05) higher than that
of Big Boy . This pattern ofDDM production was consistent for all 3 years
.
The 3 -year mean production ofCP per acre was numerically highest with
Millex 23 at 1,069 pounds per acre (Table 3). However, there was no
significant difference in the 3-year mean CP production per acre between
Millex 23 and NK 300. Big Boy, with a 3 -year mean CP production of 655
pounds per acre, was significantly (P < .05) less productive than Millex 23.
In 1979 and 1980, Big Boy produced more CP per acre than NK 300.
Chemical composition. Structural carbohydrate and crude protein per-
centages for each year and 3 -year means are shown in Table 4. Lower
structural carbohydrate percentages indicate higher quality, since the struc-
Table 4.—Chemical composition and digestibility of millet, sorghum, and cowpea
forages, 1978-80
Cultivar CWC 1 ADF 1 HC 1 Cell. 1 AIL 1 CP 1 IVDDM 1 DDM 1
Percent
1978
Millex 23 60.4 29.4 31.0 25.4 3.38 19.3 66.8 63.5
NK 300 64.8 33.8 31.0 28.8 4.10 15.5 66.5 55.4
Big Boy 47.3 28.1 19.2 22.5 5.25 22.5 70.7 62.9
1979
Millex 23 62.7 34.3 28.5 29.2 3.75 16.6 65.3 62.6
NK 300 65.4 37.1 28.4 31.4 4.63 14.1 65.4 64.4
Big Bo/ 45.0 33.0 12.1 24.0 5.95 22.2 64.7 58.6
1980
Millex 23 60.1 31.8 27.1 27.8 2.51 17.8 70.5 69.6
NK 300 59.4 30.8 28.6 27.1 2.53 18.6 72.6 68.8
Big Boy 45.5 33.3 12.2 27.1 4.95 22.3 71.1 70.7
Mean
Millex 23 61.1a2 31.8a 28.9a 27.5a 3.21a 17.9b 67.5a 64.8a
NK 300 63.2a 33.9a 29.4a 29.1a 3.75a 16.1b 68.2a 63.1a
Big Boy 45.9b 31.5a 14.5a 24.5a 5.38b 22.3a 68.8a 64.1a
1 Celt wall constituents, acid-detergent fiber, hemicellulose, cellulose, acid-insoluble lignin, crude protein,
in vitro digestible dry matter by Van Soest procedure, digestible dry matter with sheep, respectively.
2Means followed by the same letter are not significantly different at the .05 probability level.
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tural carbohydrates must be acted upon by the microorganism of the rumen
to provide available energy to the animal. There was no significant differ-
ence among any of the structural carbohydrate percentages of Millex 23
and NK 300 forages. Three-year mean CWC and hemicellulose percen-
tages of the Big Boy were significantly (P <.05) lower than those of Millex
23 and NK 300. There was no significant difference in the 3-year mean
ADF and cellulose percentages among the three crops. Big Boy exhibited a
significantly (P <.05) higher 3-year mean AIL percentage than Millex 23
or NK 300.
Crude protein. The 3-year mean CP percentage of Big Boy forage (22.3)
was significantly (P <.05) higher than that of Millex 23 or NK 300 with
17.9 and 16. 1 , respectively (Table 4). There was no significant difference
in CP percentages of Millex 23 and NK 300. CP of the individual harvests
of Big Boy ranged from 20.0 to 24.6 percent, while Millex 23 and NK 300
had CP percentages of 12.9 to 20.5, and 11.7 to 19.0, respectively.
In vitro and in vivo digestibility. Neither in vitro nor in vivo digestibility
values were significantly different among crops as shown in Table 4. All
three crops were high in quality, with 3-year DDM percentages ranging
from 63. 1 for NK 300 to 64.8 for Millex 23 forage. There was a tendency
for digestibility value to decrease as the season advanced.
Component digestibility. With the exception of cellulose, there was no
significant difference in 3 -year mean digestibility of carbohydrates of
Millex 23 andNK 300 forages (Table 5). Big Boy exhibited significantly (P
Table 5.—Component digestibility 1 of millet, sorgh urn, and cowpea forages, 1978-80
Cultivar CWC2 ADF 2 HC2 Cell. 2 CP2
Percent —
1978
Millex 23 66.5 57.6 75.6 67.9 67.0
NK 300 67.1 59.8 73.9 72.9 66.3
Big Boy 63.4 53.9 77.4 68.8 69.4
1979
Millex 23 68.3 61.3 73.0 70.2 61.8
NK 300 67.5 62.4 73.9 76.1 67.0
Big Boy 55.7 48.3 75.5 63.0 67.4
1980
Millex 23 73.6 66.6 82.1 78.6 69.8
NK 300 72.6 62.5 81.3 78.7 73.1
Big Boy 76.3 72.0 80.2 84.1 72.9
Mean
Millex 23 69.5a 3 61.8a 76.9a 72.2b 66.2b
NK 300 69.3a 61.9a 76.7a 76.0a 68.9ab
Big Boy 65.0b 58.1b 77.7a 72.0b 69.9a
'Based on forage and fecal samples.
2 Cell wall constituents, acid-detergent fiber, hemicellulose, cellulose, crude protein, respectively.
3Means followed by the same letter are not significantly different at the .05 probability level.
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<.05) lower CWC and ADF digestion values than Millex 23 and NK 300.
There was no significant difference in 3-year mean hemicellulose digesti-
bility among the three crops. Cellulose digestibility of NK 300 was sig-
nificantly (P < .05) higher than those of Millex 23 or Big Boy, which were
not significantly different. Crude protein digestibility values of NK 300
and Big Boy were not significantly different, but Big Boy was significantly
(P < . 05) higher than that of Millex 23 . There was no significant difference
in 3-year mean CP digestibility of Millex 23 and NK 300. All component
digestibilities were high, indicating that all three crops were high in
quality.
Summary and Conclusions
Twelve cowpea varieties were grown for 2 years in replicated small plots
and evaluated for forage yield, chemical composition, and digestibility.
Four of these varieties produced significantly more season-total dry forage
than eight other varieties. Two harvests were made each year, with approx-
imately IV2 tons of dry forage produced by each of the top four varieties.
There were no significant differences in dry matter percentages and
IVDDM of the 12 varieties.
One cowpea variety, Big Boy, was chosen to be compared with a millet,
Millex 23, and a sorghum, NK 300, on a field-scale basis for 3 years.
Forage was available for three harvests per year with the Millex 23, two
with NK 300, and 1 .6 with Big Boy. Season-total forage yield of Millex 23
was consistently higher than that of NK 300 and Big Boy. Big Boy
consistently produced less dry forage per acre than NK 300 and Millex 23.
Forage dry matter content of Big Boy was significantly (P < .05) lower than
that of Millex 23 or NK 300.
There was no significant difference in animal DDM and in vitro digesti-
ble dry matter among the three crops.
Crude protein content of Big Boy forage was significantly (P <.05)
higher than that of Millex 23 and NK 300. There was no significant
difference in CP percentage of Millex 23 and NK 300.
DDM production per acre followed the same trend noted in dry yield,
since there was no significant difference in digestibility of the crops. There
was no significant difference in per acre CP production of Millex 23 and
f NK 300. Big Boy produced significantly less CP per acre than Millex 23
.
There was no significant difference in structural carbohydrate percent-
ages between Millex 23 and NK 300. CWC and hemicellulose percentages
of Big Boy were significantly (P < .05) lower than those of Millex 23 orNK
300.
With the exception of cellulose, there was no significant difference in
digestibility of structural carbohydrates of Millex 23 and NK 300 forages.
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Big Boy exhibited significantly (P <.05) lower CWC and ADF digestion
values than Millex 23 or NK 300.
Crude protein digestibility of Big Boy forage was significantly (P < .05)
lower than that of Millex 23 , but it was not significantly different from NK
300.
These data reveal that Millex 23 and NK 300 yields were superior to that
of Big Boy. While all three crops were high in quality, the nutrient
production per acre of the cowpea (Big Boy) was inferior to millet (Millex
23) and sorghum (NK 300). The use of cowpeas in a forage program with
the aim of minimizing nutrient production cost per acre while maintaining
economical forage yield level would be questionable.
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